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Abstract
For the purpose to reveal the changes in the metabolism of erythroblast in varied specialization
stages the author observed the Feulgen DNA level of rabbit erythroblasts by microspectrophotom-
etry. Observations were made on normal and anemic animals, and those receiving a mass red cell
transfusion at the recovery stage of anemia where the early denucleation is stimulated. Obser-
vations have revealed that in normal erythropoiesis the DNA contents are kept at n to 2 n level
from the proerythroblast to late basophilic stage, but in later stages, polychromatic and orthochro-
matic, DNA level per cell decreases gradually with advance of the cell specialization reaching the
minimum level, nearly haploid level, at orthochromatic stage where most cells are believed to be
denucleated. In blood depleted animals nearly the same pattern of DNA level was observed in
connection with erythroid specialization as that in normal animal, except a relatively high DNA
level in the later specialization. In the cases of the hemolytic anemia a similar tendency has been
observed but the minimum level of DNA remains at a higher level, hypo-diploid level, in poly-
and orthochromatic stages. Twenty-four hours after the mass red cell transfusion by which severe
anemia has been recovered to the original level within one hour, the pattern of the DNA level
of the erythroblast returns to the normal one showing a very low DNA level at the polyand the
orthochromatic stages. The data indicate that the DNA synthesis of erythroblast kept at n to 2 n
levels until the late basophilic stage begins to decline at polychromatic stage and reaches nearly
haploid level at orthochromatic stage, but in active hemopoiesis the DNA synthesis is stimulated
and the DNA contents are kept at a high level even in the late specialization stages, showing no
relation between the denucleation and the low DNA level.
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The mammalian erythroblast is the only cell that loses nucleus physiolo-
gically. The erythroid cells are thought to differentiate from the stem cell,
whose morphologic entity is not yet defined. As has been studied by
many workers, the stem cell differentiates to erythroblasts by the action
of erythropoietin, then they mature to orthochromatic erythroblasts repeat-
ing cell divisions 4 times, and the red cells are formed by a peculiar cell
division in which a cell is divided into the cytoplasmic and nuclear halves.
As pointed out by WEICKER (1, 2, 3,), the nuclear volume reduces itself by
about one half at each cell division. The cell volume is also reduced by
about one half at each cell division as reported by MIYAHARA and SENO
(4. 5). These characters specific to erythroblasts make it easy to recognize
the specialization stage of each cell from their nuclear and cell sizes on
smear. By the observation on Chinese hamster WEICKER (6) demostrated
clearly, that the chromosome number of erythroblast decreased gradually
with the advance of cell specialization reaching haploid level at the termi-
nal stage. KONO (7) also observed the decrease of chromosome number in
human erythroblasts in the advanced specalization stages. It has been
reported that in erythroblast DNA is replicated at each cell division but
synthetic rate decreases with advance of cell specialization (8). This seems
to be consistent with the data indicating the decrease in chromosome num-
ber. But it is completely obscure why such a peculiar decrease in DNA
synthesis and chromosome number occurs in erythroblast and how it relates
to the denucleation. DNA level also decreases with erythroid cell speciali-
zation. This also reflects the decrease in chromosome number and DNA
synthetic rate in more specialized cells.
In connection with these facts, the author aimed to reveal the exact
stage where the revolutional changes occur in DNA metabolism of erythro-
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blast to get a reliable information of the possible relation between DNA
metabolism and denucleation of erythroid cells. This paper deals with the
Feulgen DNA level of the erythroid cells in varying specialization stages
from normal, blood depleteted and phenylhydrazine anemias and those
receiving a mass red cell transfusion on the recovery stage of anemia, and
indicates that DNA level per cell is kept at the diploid level until late
basophilic stage and then it begins to decrease at the polychromatic stage
reaching nearly haploid level at orthochromatic cells, with some higher
DNA level in anemic condition. Observations suggested no close correla-
tion between the decrease in the DNA level and the denucleation.
MATERIALS AND METHODS
Eighteen male adult rabbits, 2.5 to 3.0 Kg. were used: 3 animals in each of
6 series of experiments: (1) normal, (2) blood depleted anemia, (3) phenylhyd-
razine anemia, (4) 24 hours (5) 48 hours and (6) 72 hours after red cell transfusion
in the early recovery stages of phenylhydrazine anemia. Blood depleted anemia,
about 2 million R. B. C. per cumm of peripheral blood, was induced by drawing
blood from ear vein, 20 to 25 ml/day for 9 days. In all animals the whole blood
drawn from ear vein was immediately returned to the depleted animal by inject-
ing it subcutaneously to prevent the suppressed hemopoiesis by the deficiency of
protein and iron. Red cell number in the circulating blood was counted, at
certain intervals to check the grade of anemia. Animals were sacrificed on the
day after the last blood depletion, and the fresh bone marrow tissue was taken.
For haemolytic anemia phenylhydrazine chloride was injected subcuta-
neously, 0.5 ml of 2.5 % solution per kg of body weight, daily for 3 days. Through
this treatment a servere anemia, less than 2 million R. B. C. per cumm, deve-
loped. Two days after the last injection these animals were sacrificed to obtain
bone marrow cells. Nine animals of remaining 3 groups were also treated with
phenylhydrazine by the same method as just described and two days after the
last injection they received the intravenous transfusion of homologous red cell
suspension, red cells contained in ISO ml of whole blood to one animal within 30
minutes, by which the red cell count recovered to the original level within one
hour. The animals were sacrificed 24, 48 and 72 hours after the red cell transfu-
sion, 3 animals each.
Homologous blood for transfusion was obtained from normal rabbit, generally
two animals for one anemic rabbit. About ISO ml of blood was obtained from the
carotid of two animals with sterilized anticoagulant, 3.8 % sodium citrate solu-
tion. Immediately after drawing the blood was centrifuged at 3,000 r. p. m. for
10 minutes and the precipitated cells were washed with cold saline (4°C) three
times by repeated centrifugation and the cells were resuspended in the saline of
the same quantity as the decanted plasma. The freshly prepared red cell suspen-
sion was warmed at 37°C and transfused slowly into the ear vein of the animal
of phenylhydrazine anemia. By sacrifing the animal after 24, 48, and 72 hours
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the fresh bone marrow tissue, approximately 1 g, was obtained from the femur.
The fresh tissue was taken into a glass homogenizer, added with about 5 ml of
rabbit serum and the cells were freed from tissue by removing the core gently up
and down 2 to 3 times. The cell suspension thus prepared was filtered with
gauze, centrifuged at 1,000-2,000 r. p. m. for five minutes and the precipitate
was resuspended in 3 ml of rabbit serum. This bone marrow cell suspension was
smeared on a coverslide of 24 x 60 mm and O. 13-0. 17 mm in thickness. The
smears were dried, fixed with formol gas for about 20 minutes at room tempera-
ture and stained with Feulgen reaction by the method of SHIBATANI (9, 10) and
the DNA level of each cell was estimated by microspectrophotometry (MSP)
employing two-wave length methods (11, 12, 13, 14, 15, 16, 17, 18) at 480 mit and
560 mit (Fig. 1.)
The apparatus used was Olympus
MSP, type 2001. The method for the
estimation may be referred to the paper
of SENO and UTSUMI (10, 20, 21, 22). In
each sample DNA contents per cell were
measured on more than 250 cells, about
50 cells in every specialization stage, pro-
erythroblasts (13-14 It in diameter), early
basophilic erythroblasts (10-12 It), late
basophilic ones (8-10 p.), polychromatic
(6-8 It) and orthochromatic ones (4-6 It).
Basides these, a general smear was made
with each sample. These were fixed with
methanol and stained with Giemsa for
the morphologic observation of erythroid
cells.
RESULTS
In the case of non-anemic rabbit, the erythroblasts in the early speciali-
zation stages had DNA at n to 2n level through the stages of proerythro-
blast, early and late basophilic ones, but in the cells smaller than 7 p. in
nuclear diameter or polychromatic and orthochromatic erythroblasts, DNA
contents decreased gradually with the advance of maturation reaching the
minimum level, nearly the haploid level, at orthochromatic stage (Fig. 2).
In blood depleted anemias the distribution pattern of the DNA per
cell was the same as that of non-anemic animals from the period of pro.
erythroblast to that of late basophilic ones, but somewhat higher DNA
level was observed in poly- and orthochromatic stage, except only in a few
cells which showed the DNA at haploid level (Fig. 3).
In phenylhydrazine anemias, the DNA contents of proerythroblasts
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Fig. 2 DNA contents of erythroblasts from a norrr al rabbit bone marrow.
2 BLac
20000
10000
9000
8000
7000
6000
5000
4000
• ..::·gwh··~.....t
.0,. ilt:W. ..~~, .
'. . ...•Ji';fif:'~. ~•••4..~ • i'lli· ••~ •
· T.'~ .. _.. ~ e.
"." . -. ~.~
. , , ".0. .. ••..,... I"
. .... .,
..
~
.
.
'"c
~
§ 3000
u
-<
Z
o
2000
1~ I12 I11 I10
Nuclear Diameter (/1)
Fig. 3 DNA contents of erythroblasts from blood depleted anemie rabbit bone marrow
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and early and late basophilic ones were found again in the range between
nand 2n, showing no abnormalities, and yet DNA contents of polychro-
matic and orthochromatic erythroblast showed a level higher than those
of blood depleted anemia. It stayed nearly at the diploid level even in
orthochromatic erythroblast and the cells having haplid DNA were hardly
encountered (Fig. 4).
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Fig. 4 DNA contents of erythroblasts from a phenylhydrazine anemic
rabbit bone marrow
The transfusion of a mass of red cells, about 150 ml of blood, into
the animals of phenylhydrazine anemia, 1.5-2.0 million R. B. C. cumm,
resulted in prompt recovery of anemia to the original R. B. C. level, but
thereafter the red cell number increased by about 1 to 2 million incessantly
for 72 hours of the red cell transfusion, and then reached an equilibrium
at an extremely high level of red cell number. The distribution of DNA
level of erythroblasts 24 hours after the red cell transfusion gave a quite
similar one to that from non-anemic (Fig. 4) showing a distinct difference
from that of anemic animal. That is the DNA of erythroblasts of the red
cell transfused animals showed a very low level at polychromatic and
qrthochromatic sta~es, though DNA contents of pro- and basophilic eryth-
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roblasts remained always unchanged (Fig. 4).
Observations were also made on the erythroblasts from the animals
48 and 72 hours after the red cell transfusion, but the distribution pattern
of DNA level of erythroblast from these animals showed always a similar
tendency (Fig. 5), and gave patterns quite similar to those obtained 24
hours after the red cell transfusion.
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Fig. 5 DNA contents of rabbit erythroblasts in phenylhydrazine anemia 24
hours after red cell transufusion
Morphologic observations on the Giemsa stained bone marrow and
peripheral blood smears of anemic animals revealed a marked macrocytosis
with many big red cells of around 8ll. in diameter. This was quite distinct
in phenylhydrazine anemia, where normal sized cells were rarely encoun-
tered, suggesting that most red cells were denucleated at polychromatic
stage skipping one cell division (5, 23, 24, 25). Twenty-fours after the
red cell transfusion into phenylhydrazine anemia the macrocytosis was
accentuated with appearance of large sized cells of 12 to 13 ll. in cell
diameter, which should be denucleated in the early stage of basophilic
erythrblast (26, 27).
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DISCUSSION
As pointed out by SENO and others (28, 29, 30), it is clear that in
erythroblast the nucleus controls the somatic protien synthesis in some way.
By denucleation or by cell division into nuclear and cytoplasmic halves,
the maturation of the cytoplasmic half is accelerated with enhanced hemo-
globin synthesis and the disintegration of cytoplasmic organellae, mitochon-
doria, ribosomes, and degradation of some chemial components like RNA.
Thus, the mechanism of maturation should not be independent of the
function of nucleus, and will be reflected in the DNA metabolism. As just
mentioned briefly, the decrease in the chromosome number of erythro-
blast with the advance of cell specialization has been elucidated in hamster
(6) and in man (7, 31, 32). And it has been also shown that the rate of
DNA synthesis as observed by the incorporation of H3-thymidine decreases
with advance of the cell specialization (33, 27). These processes, the
cell division with insufficient DNA synthesis, inevitably results in the
decrease in DNA level by cells in advanced specialization stage. WEICKER
(6), and KINOSITA and OHONO (34) reported a gradual decrease in the
chromosome number during the erythroid cell specialization, and SENO,
MIYAHARA and others (33) reported the exponential decrease in the in-
corporation rates of H3-thymidine in specialization. These facts seem to
suggest the gradual decrease of DNA contents through whole stages of cell
specialization. But, as demonstrated in the present experiments the DNA
level seems to be kept at n to 2 n levels till the late basophilic stage in
every animal, and only in normal or non-anemic hemopoiesis the DNA
level declines steadily up to maturation during poly- and orthochromatic
stages, where DNA of some cells reaches near haploid level. That is, solely
in non-anemic hemopoiesis of rabbit, abnormality in the DNA level occurs
in the poly- and orthochromatic stages. This means that incomplete DNA
replication or the irregularity in chromosome number will appear first at
late basophilic stages. However, there seems to be no sharp distinction
between the diploid cells and haploid ones.
DNA decreses gradually giving varying values between diploid and
haploid levels. The data are consistent with those reported by WEICKER
(6) in man and by KINOSITA and OHONO (34) in rat erythroblast where
chromosome number showed a wide variety between diploid and haplolid
levels.
The mechanism is not clear but there seem to be two possibilities.
One is the segregation of some chromosomes during mitosis and other is
the failure in DNA replication in S-phase resulting in the formation of
8
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unpaired chromosomes. As the reticulocyte, or the cytoplasm of erythro-
blast does not have any Feulgen possitive substance, the segregation of
chromosome during mitosis is unlikely, but the incomplete DNA synthesis
followed by mitosis will possibly result in such an irregular way in chromo·
some number. This means that the nuclei of the erythroblast at poly-and
orthochromatic stages will be incomplete in genetic information.
In this sense, the nuclei of these cells may have not a function like
the general cell nucleus as pointed out by JOSEPH (25), but these cells will
need nuclei for their cell division, by which the cell size becomes smaller
and the surface for unit hemoglobin increases making the gas metabolism
efficient. After denucleation the cells do not divide, as revealed by
LEWENSTEIN (35). One of the important biological problems concerning
erythroid cell specialization is the denucleation. The mechanism has been
completely revealed by the work of AWAI, SENO and others (36). That the
denucleation is attained by the cell division which divides the cell into
nuclear and cytplasmic halves without being accompanied by any karyoly-
tic process but it is quite obscure why such a peculiar cell division ensues in
erythroblasts. One of the purposes of the present work is to find a possible
relation between the denucleation and the abnormality in DNA metabolism,
as the decrease in DNA level occurs at poly- and orthochromatic stages
where denucleation ensues in normal hemopoesis.
As reported by T AKABAY ASHI, MATSUOKA, SENO and collaborators (22,
26, 27) early denucleation ensues in anemia. Therefore, some decrease in
DNA level in the early stage of erythroid specialization would be expected
in anemia, but the estimation gave an unexpected result as indicated in
Figs. 3 and 4, DNA levels staying at higher level in s~vere anemia than in
non-anemic cases, showing that DNA synthsis of erythroblast is stimulated
in anemic individuals. The data have clearly indicated that there is no
relation between the denucleation and the decrease in DNA level at the
terminal stage of erythroid cell specialization.
SUMMARY
For the purpose to reveal the changes in the metabolism of erythroblast
in varied specialization stages the author observed the Feulgen DNA level
of rabbit erythroblasts by microspectrophotometry.
Observations were made on normal and anemic animals, and those
receiving a mass red cell transfusion at the recovery stage of anemia where
the early denucleation is stimulated. Observations have revealed that in
normal erythropoiesis the DNA contents are kept at n to 2 n level from the
9
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proerythroblast to late basophilic stage, but in later stages, polychromatic
and orthochromatic, DNA level per cell decreases gradually with advance
of the cell specialization reaching the minimum level, nearly haploid level,
at orthochromatic stage where most cells are believed to be denucleated.
In blood depleted animals nearly the same pattern of DNA level was
observed in connection with erythroid specialization as that in normal
animal, except a relatively high DNA level in the later specialization. In
the cases of the hemolytic anemia a similar tendency has been observed
but the minimum level of DNA remains at a higher level, hypo-diploid
level, in poly- and orthochromatic stages. Twenty-four hours after the mass
red cell transfusion by which severe anemia has been recovered to the
original level within one hour, the pattern of the DNA level of the erythro-
blast returns to the normal one showing a very low DNA level at the poly-
and the orthochromatic stages.
The data indicate that the DNA synthesis of erythroblast kept at n to
2 n levels until the late basophilic stage begins to decline at polychromatic
stage and reaches nearly haploid level at orthochromatic stage, but in
active hemopoiesis the DNA synthesis is stimulated and the DNA contents
are kept at a high level even in the late specialization stages, showing no
relation between the denucleation and the low DNA level.
ACKNOWLEDGEMENT
The author is indebted much to Professor SATIMARU SENO, for valuable advices through-
out this work and painstaking proof reading of the paper. Many thanks are also due to
Dr. MIYAHARA and to members of the :Cepartment of Fathology, for helpful suggestions.
REFERENCE
1. WEICKER, H.: Markstruktur und Blutbildungsgesatze, Vortrag auf dem 5. Kongress der
eurpeischen Gesellschaft fur Haematologie. Kongressband, ~pringer: Verlin, 1955
2. WEICKER, H.: Zellteilungs stroungen, Handb. ge~ant. Haematol. ed. L. Heilmeyer
und A. Hittmair, Urban & Schwarzenberg, Munchen, 1957, P.148
3. WEICKER, H.: Das Erythron unter physiologischen und pathologischen Eedingungen.
Annales Nestle 20, 1, 1963
4. SENO, S.: Studies on the differentiation of erythroblast by using radio isotopes. Acta
liaem. Jap. 27, 718, 1964
5. SENO, S., MIYAHARA, M., ASAKURA, H., OCHI, 0., MATSUOKA, K. and TOYAMA, T.:
Macrocytosis resulting from early denucleaion of erythroid precursors. Blood 24, 582, 1964
6. WEICKER, H. und TERWEY, K. H.: Die Chromosomenzahl der Erythroblasten. Klin.
Wschr. 36, 1132, 1958
7. KONO, H.: Changes in chromosomes of human bone marrow cells during the matura-
tionprocess. Shikoku acta Med. 22, 904, 1960
8. FRANCIS, C. MONETTE, F. C., LOBUE, J., GORDON, A. S., Jr.: Erythropoiesis in the
10
Acta Medica Okayama, Vol. 24 [1970], Iss. 1, Art. 2
http://escholarship.lib.okayama-u.ac.jp/amo/vol24/iss1/2
DNA Level of the Erythroblastic Nuclei 25
Rat. Differential rates of DNA Synthesis and Cell Proliferation. Science 162, 1132, 1968
9. SHIBATANI, A., NAORA, H.: Enhancement of colour intensity in the histochemical Feul-
gen reaction, method and estimation, Experientia 8, 268, 1952
10. UTSUMI, K.: Practice of electron spectrophotometetric method. materials for the train-
ing of this method, a panphlet. 1963
11. SWIFT, H. and RASH, E.: V. The two-wave length method. Physica. Techn. in Bioi.
Reseach 3, 376, 1956
12. PATAU, K. and SWIFT, H.: The DNA-content (Feulgen) of nucleic during mitosis in
a root tip of onion. Chromosome, Bd. 6, 149, 1953
13. PATAU, K.: Absorptin microspectrophotometry of irregular shaped objects. Chromosoma,
Bd. 5, S. 341, 1952
14. ORNSTEIN, L.: Distribusional error in microspectrophotometry. Lab. Inv. 1, 259, 1952
15. MENDERSOHN, M. L. M. D.: The two-wavelength method of microspectrophotometry.
I. A microspectrophotometer and test on model system. ]. B. B. C. 4, 407, 1958
16. MENDERSOHN, N. L. M. D.: The two-wavelength method of microspectrophotomertry.
II. A set of tables to facilitate the calculations. ]. B. B. C. 4, 415, 1958
17. MENDERSOHN, M. L. M. D.: The two-wavelength method of microspectrophotometry.
III. An extension based on photographic colour transparencis. ]. B. B. C. 4, 425, 1958
18. MENDERSOHN, M. L. M. D. and RICHARDS, B. M. RH, D.: A comparison of scanning
and two-wavelength microspectrophotometry. ]. B. B. C. 4, 707, 1958
19. UTSUMI, K.: Quantitative studies of nucleic acids the cell with microspectrophotometer.
II. Nucleic acid and hemoglobin contents in erythroid cells of frog and hen. Acta Med.
Okayama 13, 175, 1959
20. UTSUMI, K., SENO, S.: A Quantitative study of DNA content in the cell by micro-
spectrophotometry., Symposia Cell. Chem. 10, 221, 1960
21. UTSUMI, K., SENO, S.: Synthesis of DNA and protein during cell division, Symposia
Cell. Chem. 11, 149, 1961
22. SENO, S. and UTSUMI, K.: Application of electron microscope spectrophotometry.
Nikketsu Zenssyo. Vol. .6-(2). Maruzen. Tokyo. P.613, 1965
23. SENO, S.: Mechanism for the induction of anisocytosis, Acta. Haem. 31, 129, 1964
24. DAVIDSON, J. N., LESLIE, I.: The Nucleic-acid content of the cell. The Lancet 16, 1287,
1951
25. GRASSO, J. A., WOODARD, J. W., SWIFT, H.: Cytochemical studies of nucleic acids
and proteins in erythrocytic development, Proc. Nat. Acad. Sci. 50, 134, 1963
26. MATSUOKA, K.: Studies on reticuloendothlial system and hematopoiesis. III. Relationship
between differentiation of erythroblast and oxygen tension. Acta Med. Okayama 19, 217,
1965
27. T AKEBAYASHI, J.: Effect of mass blood-transfusion on erythroid cell differentiation in
anemic cell. I., An evolutional change in the cell specialization process. Acta Med. Oka-
yama 21, 1, 1967
28. SENO, S.: The effect of mitochondria on prophyrin and heme biosynthesis in red cells.
Acta Haem, lap, 21, 337, 1958
29. SENO, S.: Heme and globin synthesis in eryth roid cell, Hematology, Pan Pacific Press,
TOkyo, Japan, P.697, 1960
30. SEND, S.: Globin synthesis in erythroblast, in correlaction with the syntheses of total
protein, RNA, DNA, and cell differentiation. Acta Haem. lap. 24, 629, 1961
31. SENO, S.; The life cycle of red corpuscles, Nikketsu Zenssyo. Vol. 1, Maruzen, Tokyo,
p.487, 1963
32. ROHR, K.: Das Menschliche Knochenmark, Thieme, Stuttgart, 1960, P.45
33. SENO, S., MIYAHARA, M., AWAI, M., INOUE, M., UTSUMI, K., YAMAMOTO, K., MURA-
11
Inoue: Studies on the DNA metabolism of erythroid cell. I. DNA level of
Produced by The Berkeley Electronic Press, 1970
26 M. INOUE
KAMI, T.: A study on the mechanism of erythroid cell differentiation. Symposia Cell
Chern. 15, 207, 1965
34. KINOSITA, R., OHONO, S.: On the chromosome number of hematopoietic cells at
different stages of maturation. Maturwiss 41, 381, 1959
35. LEWENSTEIN, L. M.: Studies on reticulocyte division. Exp. Cell. Res. 17, 336, 1959
36. AWAI, M., OKADA, S., TAKEBAYASHI, J., KUBO, T., INOUE, M., SEND, S.: Studies
on the mechanism of denucleation of the erythroblast. Acta Haematologica 39, 193, 1968
12
Acta Medica Okayama, Vol. 24 [1970], Iss. 1, Art. 2
http://escholarship.lib.okayama-u.ac.jp/amo/vol24/iss1/2
